To review the authors' recent experience and that of the literature since 1973 and to provide management guidelines for true aneurysms of the pancreaticoduodenal arteries (PDA).
Objective
To review the authors' recent experience and that of the literature since 1973 and to provide management guidelines for true aneurysms of the pancreaticoduodenal arteries (PDA).
Summary Background Data
True aneurysms of the PDA are rare, with a total of only 52 cases reported since 1973.
Methods
Six patients were admitted to the authors' institution between 1985 and 1995 for rupture of a true aneurysm of the PDA. They were analyzed with regard to the mode of presentation, preoperative workup, management, and outcome.
Results
All patients had severe epigastric pain from retroperitoneal hemorrhage. Computed tomography scanning and angiography were performed in all cases. Aneurysms ranged from 0.7 to 1.2 cm (median 0.9 cm). The celiac axis was stenotic or occluded in five cases. Three patients underwent emergency pancreatoduodenectomy. Two of them survived. In one case, section of the median arcuate ligament was associated with the procedure, and the patient died from an aortic dissection. Embolization was performed in the last three patients. The procedure was definitive in two cases. In one, hemorrhage recurred 8 days later and required surgical ligation of the bleeding artery.
Conclusions
The authors recommend rapid treatment of all true aneurysms of the PDA. Because most of these aneurysms result from a stenosis of the celiac axis, selective embolization may help to preserve patency of the PDA and should, therefore, be the primary therapeutic choice in ruptured aneurysms. Close follow-up is mandatory because of possible recurrent July 10, 1998. 416 with a stenosis of the celiac axis and rupture into the retroperitoneal space.1 '5'6 To better analyze the outcome of patients with true aneurysm of the PDA and to provide management guidelines, we report our recent experience with six cases of rupture of true PDA aneurysms and review the experience with this uncommon entity reported in the literature since 1973.
PATIENTS AND METHODS
Computerized records of all patients admitted to our institution between 1985 and 1995 for a ruptured PDA aneurysm were reviewed. Aneurysms associated with a history of trauma, endocarditis, or pancreatitis were considered pseudoaneurysms and were excluded from the study. Six patients were identified, four men and two women, with a median age of 64 years (range 58 to 73). One patient had a history of systemic hypertension and atherosclerosis of the aorta, and two patients had had partial gastrectomy 26 and 35 years previously for duodenal ulcer. Neither of them had pancreatic or hepatic disease. Aneurysm of the PDA had not been suspected before rupture in any of these patients. All cases were analyzed with regard to the mode of presentation, preoperative workup, management, and outcome.
RESULTS
All patients had sudden, severe epigastric pain. Symptomatology had started 3 to 14 hours (median 9.5 hours) before hospital admission in five patients, and had lasted 7 days in another. On admission, five patients were hemodynamically stable and one required immediate resuscitation. Physical examination revealed a diffusely tender abdomen in all patients, with a nonpulsatile mass in the right upper quadrant in one of them.
Computed tomography (CT) scan and angiography were performed in all cases. CT revealed a voluminous retroperitoneal hematoma ( Fig. 1) , diffusing into the peritoneal cavity in three patients. Aneurysms of the PDA were suspected on contrast-enhanced CT scan in two cases. On angiography, aneurysms ranged from 0.7 to 1.2 cm (median 0.9 cm), and two of them were actively bleeding. In one case, a tortuous and dysplatic aspect of the anterior inferior PDA was associated with a posterior inferior PDA aneurysm, and in another a simultaneous asymptomatic splenic artery aneurysm of <1 cm was seen. The celiac axis was occluded in two cases, stenotic in three cases, and normal in one case. In the latter, however, occlusion of the gastroduodenal artery, resulting from previous gastric surgery, was observed. All stenoses of the celiac axis resulted from extrinsic compression from the median arcuate ligament and were associated with a retrograde flow in the gastroduodenal artery (Fig. 2 ).
Management consisted of volemic resuscitation followed by transcatheter arterial embolization and/or expeditious surgery (Table 1) . Three patients underwent laparotomy immediately after angiography. In one of them, a temporary embolization with a large absorbable gelatin sponge (Gelfoam) had been performed to stabilize the patient. Ligation of the bleeding artery could not be achieved because of the massive retropancreatic hematoma, and pancreatoduodenectomy with (n = 1) or without (n = 2) preservation of the pylorus was performed. Postoperative course was uneventful in two patients, except for a transitory and moderate elevation of transaminases. In one case, however, section of the median arcuate ligament was performed in addition to the pancreatic resection, and the patient remained hypotensive, anuric, and acidotic after surgery. A repeat angiogram revealed aortic dissection, obstructing the celiac axis and the superior mesenteric artery. Aortic dissection could have resulted from a short trial clamping of the aorta (of a few seconds only) at the beginning of surgery. The patient underwent a repeat operation with venous bypass of the celiac axis, right colectomy, and left hepatic lobectomy, but died 4 days later. At necropsy, a medionecrosis of the aorta and a fresh thrombosis of the celiac axis were found.
Histologic examination of all resected aneurysms showed no abnormality, looking in particular for atherosclerosis and congenital dysplasia.
Coaxial catheterization and embolization with microcoils was performed in the last three patients (Fig. 3) . Two of these procedures were successful. However, hemorrhage recurred 8 days later in one patient and required emergency In a few patients, aneurysms were symptomatic by compressing the superior mesenteric artery or obstructing the common bile duct.'2"13 Occasionally, a rim of calcification has been noted on a plain abdominal film and has led to early diagnosis. 1 1 However, unlike hepatic, splenic, or renal artery aneurysms, this is a rare feature and was not observed in any of our patients.'4 Although most asymptomatic aneurysms of the PDA were incidentally discovered during angiography, contrast-enhanced CT scanning is an excellent diagnostic tool. It could localize aneurysms of <1 cm in our series. Hence, in the future the number of asymptomatic PDA aneurysms will certainly increase with the use of contrast-enhanced CT scanning.
Unlike true aneurysms of the splenic artery, which rarely rupture when they are <2 cm,7 true aneurysms of the PDA have not shown a clear correlation between size and propensity to rupture. In the literature, at least eight patients bled from aneurysms <2 cm, and in our experience four aneurysms were <1 cm and six were < 1.5 cm when rupture occurred. Therefore, we recommend rapid treatment of all true aneurysms of the PDA, whatever their size, at the time of diagnosis.
Although it is tempting to bypass visceral angiography in favor of prompt surgical exploration when the patient is unstable, every attempt should be made to define the aneurysm before surgery. Aneurysms of the PDA are often located behind or within the parenchyma of the pancreas, and their detection at operation may fail in about 70% of cases. '5 In addition, the patency of other visceral arteries and knowledge of the collateral flow is crucial to manage these aneurysms by embolization and/or surgery.6
Transcatheter arterial embolization of true aneurysms of the PDA has been reported in a few cases only.4"6"7"8 In this series, embolization of true PDA aneurysms was performed in four patients. In one case, the procedure was temporary, stabilizing the patient before surgery; in the three most recent patients, embolization was considered a definitive option. The advent of newer coaxial catheterization techniques has greatly improved embolization of small tortuous vessels. Therefore, selective embolization of branches of the pancreaticoduodenal arcades may preserve patency of the remaining PDA and, thus, preserve vascularization of the celiac territory. However, embolization is not always technically feasible because of the difficulty of selectively cannulating the feeding vessel of the aneurysm. '7 In addition, embolization may be associated with aneurysmal rupture during the procedure or ischemic injury resulting from the absence of major collateral vessels.' 1, 16, 18 Although recurrent hemorrhage is less likely in true aneurysms than in pseudoaneurysms, which are usually associated with persistent pancreatic inflammation, such complications may still occur, and close observation of the patient is mandatory.
Surgical management usually involved ligation or resection of the PDA aneurysms (Table 3) 
